Background: Thoracic outlet syndrome (TOS) results from compression of the neurovascular structures in the region of thoracic outlet. Treatment depends on the variant (venous, arterial, neurological or any combination of these), severity of symptoms and response to the conservative management. The aim was to assess surgical and functional outcomes after surgical decompression using the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire.
Introduction
Thoracic outlet syndrome (TOS) is one of the most challenging conditions that vascular surgeons may deal with. This reflects the complexity of the condition and the overlap of symptoms that cross the specialties of orthopaedics, neurosurgery, chronic pain and vascular disease. TOS affects less than 1% of population and is symptomatic in 60% of cases [1] . The condition describes the combination of symptoms, which result from the compression of the neurovascular bundle in the region of the thoracic outlet [2, 3] . The compression can be caused by the cervical ribs, elongated transverse C7 processes, bifid first rib, congenital fibro-muscular bands, hypertrophied scalene muscles and neck trauma [4, 5] . The scalene triangle is the most important anatomic space within the thoracic outlet. Its boundaries are formed by the anterior and middle scalene muscles, which comprise the sides of scalene triangle with the first rib forming the base of the triangle [5] . This relatively small space accommodates the subclavian artery (SCA), vein (SCV) and nerves of brachial plexus ( Fig. 1, 2) [5, 6] . Therefore, produced symptoms depend on which structures are compressed. As a result, TOS is divided into three distinct subtypes, neurogenic (nTOS), venous (vTOS) and arterial (aTOS) [7, 8] . However, any combinations of these subtypes are possible. The most common one is nTOS (95%), followed by vTOS (2-4%) and aTOS (1%) [1] . Neurogenic TOS is often subdivided further into the true and disputed forms, with the latter being most frequently encountered [3, 8] .
Treatment algorithm depends on the type, severity of symptoms and response to conservative management (physiotherapy) [7, 9] . Patients who fail the conservative treatment can benefit from surgical decompression of thoracic outlet by an excision of the cervical or first rib and scalenectomy with or without a revascularisation procedure [2, 6, 10] . The main goal of the treatment is to relieve the compression and most importantly to halt the progression of symptoms, which can lead to severe and long-term disability [4, 11] . The literature quotes a failure rate following surgery between 7% and even 40% that may be associated with major complications [1, 9, 12] . For that reason, we feel it is necessary to describe our experience the surgical and functional outcomes following supraclavicular TOS decompression.
Materials and Methods
A retrospective review of prospectively collected data was performed of all patients who underwent surgical TOS decompression and completed Disabilities of the Arm, Shoulder and Hand (DASH) questionnaires during the 10-year period from 2002 to 2012 at our Vascular Surgery Department (ABM University Heath Board, Morriston Hospital, Swansea, United Kingdom). Collected data provided information on patients' demographics, TOS type, operative findings, complications and follow-up. Also pre and post operative DASH questionnaire scores were recorded.
We have used the DASH questionnaire which has been developed by the American Academy of Orthopaedic Surgeons (http:// www.dash.iwh.on.ca/) as a measure of the functional status and disability after surgery [13] . Several studies validated the questionnaire as an objective tool in evaluating post operative outcomes [7] . DASH question- naire comprises of four domains, which relate to the patient's symptoms, daily activities, social and psychological functions [7] . It contains 30 questions, where by scoring each item on the scale between 1 (no difficulty) to 5 (unable), patients describe the severity of their symptoms [7] . The overall score ranges from 0 points (asymptomatic patient) to 100 points (severe symptoms) [7, 13] .
Statistical analysis was performed using SPSS version 13.0 software (SPSS Inc., Chicago). All data was observed to have a normal distribution and therefore parametric tests were used to compare variables. Within the group differences were assessed using paired t-test. Multiple comparisons were analysed using one-way ANOVA in conjunction with Tukey's method to identify true differences in means. Categorical data was analysed using the chi-square test. The data was assumed to be significant when P < 0.05.
Results
Of fifty patients, 44 (88%) completed pre and post operative DASH questionnaires and these were included for further analysis. All results are presented as mean ± SD unless stated otherwise. Mean age was 42 ± 10.78 years (range 16 -60) and 37 patients were women. Twenty seven patients had the combination of neurological and vascular symptoms. This group included 11 patients with nTOS, 8 with neuro-arterial TOS and 4 cases with neuro-venous subtype of TOS. The reminder of patients presented with vTOS (n = 5), aTOS (n = 7) and 3 cases with venous-arterial TOS. All operations (40 elective and 4 emergencies) were performed under the general anaesthesia via supraclavicular approach by a single surgeon. The decompressive procedures consisted of an excision of the cervical rib (n = 11) or first rib (n = 23), combined cervical and first rib excision (n = 10), scalenectomy (n = 42) and division of soft tissue (n = 24). The operative findings revealed an abnormal anatomy, such as hypertrophic scalene muscles (n = 16), fibromuscular bands (n = 24), elongated C7 transverse process (n = 1), large clavicle callus (n = 1), narrow thoracic inlet (n = 1) and broad first rib (n = 2) ( Fig. 3 ), 16 presented with bilateral TOS and six of them have undergone bilateral TOS decompression. Post operative complications included wound infection (n = 1) and phrenic nerve traction injury (n = 2). There were 12 pleural entries of which 3 required chest drains insertion and 7 cases had pleural drains inserted using the breached pleural window. In 2 cases pleura was repaired. There were no brachial plexus or vascular injuries. Six patients required revision procedures. Mean follow up was 11.7 ± 15.4 months. There were no statistically significant differences between the groups in pre (P = 0.49) and post operative (P = 0.104) DASH scores. However, when DASH scores were analysed according to the TOS type, the most marked post operative improvement was noted in aTOS with mean delta change of 36.99 ± 22.72 (P = 0.005), followed by vTOS (26. 
Discussion
As expected, nTOS was the most common in our series. The reminder of the cases had the combination of neurogenic and vascular symptoms. In such cases, the contribution of the vascular component is often regarded as negligible [4, 8] . Although, all our cases had proven subclavian vessels involvement (stenosis or occlusion on arm abduction) on pre operative Duplex ultrasound scan, in principle they all were treated as nTOS. The recommended treatment involves a period of physiotherapy (4 -6 weeks) prior to any form of surgical decompression [5, 14, 15] . Physiotherapy manoeuvres such as postural exercises and the first rib mobilisation aim to reduce the pressure on the neurovascular structures within the thoracic outlet [16, 17] . Other conservative measures include the anterior scalene block with the Botulinum toxin type A (BTA) or local anaesthetic injection under ultrasound, computed tomography or electromyography guidance [5, 18] . Relief of symptoms could be viewed as a "pre operative" assessment whether the patients would benefit from the first rib resection with scalenectomy [5, 12] . However, at present including a randomised control trial there is no evidence to support the use of BTA injections to improve the function and reduce the pain in TOS [3, 19] . Therefore, in our department we do not perform anterior scalene blocks, because the data to support this is currently lacking. Instead, we provide an extended course of physiotherapy (3 months) following which repeated clinical evaluation with DASH is performed. Those patients who remain symptomatic after the course of physiotherapy are carefully counselled regarding the proposed surgical treatment.
The most common presentation of vTOS is an axillosubclavian vein thrombosis, which is also known as Paget-Schroetter syndrome [3, 6, 20] . The objective of treatment is to prevent the recurrence of the thrombosis, which is associated with significant morbidity [21] . Treatment involves an early thrombolytic therapy (within 2 weeks) followed by an anticoagulation (1 -3 months) and delayed surgery [5, 20] . Due to logistic reasons we were unable to provide thrombolysis in our institution. Despite that all 5 cases of vTOS had successfully re-established veins patency with the 3 month course of oral anticoagulation followed by an elective delayed surgical decompression. There were no cases of re-thrombosis. However, due to small sample size these findings should be interpreted with caution.
The least common type is an aTOS [8] . Although patients usually present with varying degree of upper limb ischaemia, a retrograde embolisation causing stroke has also been reported [6, 22] . The ischaemia can be caused by either an external compression of the SCA or emboli arising from the associated SCA aneurysm [22] . In our series, 7 patients suffered from aTOS and 4 of them presented on as emergencies. The treatment involved decompression of thoracic outlet with an arterial reconstruction with the autologous vein (n = 2).The reminder of patients (aTOS) presented also with the nTOS symptoms. Therefore, this group of patients was treated on semi-elective (more urgently) basis in order to avoid the development of an arterial damage. Some authors suggested treatment of aTOS with endovascular stent grafts [6] . However, the results were disappointing and demonstrated high rate of graft stenoses [6, 23] . This reflects the underlying pathophysiology of TOS, where decompressive procedures, aimed to relive the extrinsic compression, play the key role in the treatment.
The surgical techniques used for TOS decompression include transaxillary, infra and supraclavicular approaches [24] . We have used supraclavicular approach, which in our opinion provides favourable access to all neurovascular structures [1] . Additionally, satisfactory exposure of the scalene muscles is possible as well as an arterial reconstruction when necessary. There were six revisions in our series and these included 2 cases where no scalenectomies were performed during the first surgery. This has prompted the change in our practice and since then scalenectomy is routinely performed in every case. Similar findings were reported by other authors who found disappointing results when no scalene muscles excision was done as part of the decompressive procedure [25] . In the remaining 4 cases, revision procedures involved: neurolysis of the adhesions around brachial plexus, excision of the scar tissue around SCA, division of pectoralis minor (via transaxillary root) and excision of an abnormal band from the latissimus dorsi (via transaxillary root).
Post operative complications are related to the main anatomical neurovascular structures within the thoracic outlet. These include pneumothorax, haemothorax, chylous leak, brachial plexopathy, Horner's syndrome, vascular and phrenic nerve injuries [1, 26] . There were no vascular or brachial plexus injuries in our cohort of patients. 12 pleural entries were encountered, of which 2 were repaired with Prolene, 3 required chest drain insertion for a large pneumothorax, and 7 cases were treated with drains inserted through the apical pleural defect. There were no phrenic nerve injuries except 2 cases where traction injury occurred. Both these patients fully recovered and had radiographically confirmed resolution of the initially elevated diaphragm.
DASH scores revealed the greatest improvement in the aTOS group. This comes with no surprise, because aTOS is nearly always associated with an abnormal anatomy, which once corrected (bone or soft tissue excision), leads to alleviation of the symptoms. The literature reports success rate of more than 90% following surgery and in our series all patients with aTOS remain asymptomatic [22] . Successful outcome in vTOS is related to the vein patency rates [5] . Therefore, some authors accept the lack of changes in the post operative DASH scores, suggesting no episodes of rethrombosis as the most important clinical outcome [5] . We have demonstrated an improvement in the DASH scores with no recurrences of vTOS group, but the small sample size makes it impossible to draw the definitive conclusions.
The most encouraging are the nTOS outcomes, which showed statistically significant improvement in mean post operative DASH scores. It has been shown before, that careful pre-operative assessment of patients plays a key role in successful both functional and surgical outcomes [27] . However, within this group, 5 patients reported worsening of symptoms after surgery (worse post operative DASH score). All cases were complex, where orthopaedic and neurosurgical consultations were obtained. This may reflect the transient response in the nTOS where initial success rate of 93% is reported, but decreases with time to 64-71% [9, 28] . This group of patients received the longest follow up and received multiple courses of physiotherapy, which was temporarily beneficial in some cases.
Conclusions
The diagnosis and management of TOS can be challenging, and requires an understanding of the complex pathophysiology of the different subtypes. We have demonstrated that careful selection of patients with meticulous and adequate surgical technique can produce excellent results in all TOS variants.
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